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ABSTRACT 33 !zf 
It is found t h a t  strophanthin i n h i b i t s  sodium a p p e t i t e  

and s t imula tes  potassium and water appe t i t e s .  

adminis t ra t ion there  i s  increased w a t e r  appe t i t e ,  decreased 

glucose consumption, decreased sodium consumption, and increased 

potassium consumption. 

With s t rophanthin 

Exis t ing theor ies  on the  regulat ion of water and s a l t  appe t i t e  11211* 

relate t h e  elevated consumption of water and salts  t o  a lack of t h e  corres- 

ponding substances i n  the  i n t e r n a l  medium of t he  body. It has been shown, i n  

p a r t i c u l a r ,  t h a t  reduction of blood sodium r e s u l t s  i n  increased consumption of 

common sal t ;  i n  cases of hypernatremia, decreased sa l t  appe t i t e  i s  accordingly 

detected,  and the  t h i r s t  cen ter  i s  ord inar i ly  g rea t ly  exci ted.  

Holms and Gregerson (Ref. 6 )  have, however, already discovered t h a t  no 

co r re l a t ion  e x i s t s  between the  sodium content  i n  the  blood and water appet i te .  

Subsequently, the  lack of an inverse  co r re l a t ion  w a s  demonstrated by M. V. Ar- 

k ind wi th  respec t  t o  the  sal t  appet i te .  The quest ion has na tu ra l ly  arisen of 

whether the  regula t ion  of w a t e r  and s a l t  appe t i t e  may not  depend, at least i n  

some cases, not  on the  decrease o r  increase of t h e  s a l t  

*Note: Numbers i n  the  margin ind ica te  paginat ion i n  the  

and water content i n  

o r i g i n a l  fore ign  text.  



the  i n t e r n a l  environment of t he  body, but on mechanisms con t ro l l i ng  t h e  d i s t r i -  

but ion of salts between t h e  cell  and the  surrounding environment. 

I n  ve r i fy ing  t h i s  hypothesis,  it i s  expedient f i r s t  of a l l  t o  examine the  

r e l a t ionsh ip  of t h e  sodium pump t o  the  regulat ion of w a t e r  and sal t  appet i te .  

This mechanism i s  known t o  be responsible f o r  t he  non-equilibrium d i s t r i b u t i o n  

01 sodi-G m 4  potassium between in t r a -  and e x t r a c e l l u l a r  f l u i d s .  

Inh ib i t i on  of the  sodium pump leads t o  pene t ra t ion  of sodium i n t o  the  

cells and lo s s  of potassium t o  t h e  surrounding medium (Refs. 2-5, 11, 12, etc.). 

This e f f e c t  may be achieved i n  various ways. Of e spec ia l  i n t e r e s t  i s  the  

ac t ion  of s t ropheth in  and i ts  der iva t ives  which s p e c i f i c a l l y  i n h i b i t  t h e  sodium 

pump (Refs 7, 9,  10, 14). 

The present  work has s tud ied  t h e  e f f e c t  of strophanthin-K on rats '  consump- 

t i o n  of aqueous and s a l i n e  glucose so lu t ions  under conditions of f r e e  choice. 

There i s  no change i n  the  t o t a l  reserves of mineral substances i n  the  organism, 

and a change i n  alimentary reac t ions  can depend only on t h e i r  r ed i s t r ibu t ion  be- 

tween ex t ra -  and i n t r a c e l l u l a r  f l u ids .  

Methods. Experiments were conducted on white female r a t s  of the  Wistar 

l i n e ,  180-200 g i n  weight. The animals w e r e  placed i n  chambers with two auto- 

matic dr inking bawls, each of which - depending on t h e  purposes of t he  experi- 

ment - w a s  f i l l e d  with appropriate  solut ions.  The dr inking bowls w e r e  moved 

i n t o  t h e  chambers f o r  10 sec. at 1 min. i n t e r v a l s ,  s ix t een  t i m e s  during a s i n g l e  

experiment. Level of appe t i t e  and choice w e r e  es t imated from the  number of 

approaches the  animals made and t h e  amount of t he  respec t ive  so lu t ions  which 

they drank. 

The rats were of fered  a choice i n  the  I S  s e r i e s  of experiments between a 
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40% so lu t ion  of glucose i n  d i s t i l l e d  water and a 40% so lu t ion  of glucose i n  a 

0.85% so lu t ion  of sodium chloride.  

8 and 40% so lu t ions  of glucose i n  d i s t i l l e d  water. 

choices w e r e  (a) between a 40% so lu t ion  of glucose i n  d i s t i l l e d  water and a 11212 

40% so lu t ion  of glucose i n  a potassium chlor ide  so lu t ion  ( t h e  potassiumwas 

W S ~  ic 8 cmcen t ra t ion  four  times g rea t e r  than i n  Ringer's so lu t ion ) ,  and 

(b) between an 8% so lu t ion  of glucose i n  d i s t i l l e d  water and an 8% so lu t ion  

of glucose i n  potassium chlor ide of the  above-mentioned concentration. The 

t o t a l  amount of glucose consumed character ized the  alimentary appet i te ;  t he  

t o t a l  amount consumed of the  sodium chlor ide so lu t ion  character ized the  sodium 

appe t i t e ,  etc. 

I n  the ITnd series, t h e  choice w a s  between 

I n  the  IIrrd series, the  

A good l i n e a r  dependence w a s  noted between the  number of approaches and 

Beforehand, a r a t h e r  constant  choice of t he  quant i ty  of ingested solut ions.  

so lu t ions  had been determined i n  the  rats. 

Strophanthin-K w a s  intravenously administered i n  the amount of 0 . 3  - 0.15 m l  

of 0.05% so lu t ion  30-40 min. before  the experiment. I n  some rats the  i n j e c t i o n  

of s t rophanthin was a l t e rna ted  with tha t  of the  same amounts ( 0 . 3  ml) of Ringer's 

so lu t ion .  

Resul ts .  In  14 rats i n  series I, a background level w a s  determined of so- 

dium and aqueous so lu t ion  consumed, and g rea t e r  appe t i t e  w a s  found f o r  the  

sodium-glucose so lu t ion  than f o r  t he  aqueous glucose so lu t ion .  Subsequent ad- 

- min i s t r a t ion  of strophanthin-K t o  ten rats, regard less  of t he  dose, caused a 

pe rcep t ib l e  increase  i n  consumption of t he  aqueous so lu t ions  and a decrease i n  

consumption of the  sodium glucose solut ions.  Stoppage of t he  s t rophanthin in- 

j e c t i o n  r e su l t ed  i n  rapid r e s to ra t ion  of the o r i g i n a l  choice of so lu t ions  offered.  
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. 
The four cont ro l  rats r eg i s t e red  as before,  a g rea t e r  a p p e t i t e  f o r  t he  sodium 

than f o r  t he  water solut ion.  I n  two rats, adminis t ra t ion of s t rophanthin was  

a l t e rna ted  with t h a t  of Ringer's solut ion.  These animals displayed t h e  above- 

described changes in  a p p e t i t e  only on the  days t h a t  s t rophanthin was adminis- 

. t e r ed  (Figure 1) .  

a. 

.a .  

0 
4 Cymxu 

Figure 1 

Effec t  of Administration of Strophanthin 
(S) and Ringer's Solution (R) on Sodium 
(s.a.) and Water ( w . a . )  Appetite. 

(1) - Background; (2) - S R s R; (3) - Number of 
Approaches t o  Drinking Bowl; (4) - Days. 

I n  evaluat ing these  r e s u l t s ,  t he  question arose of whether the observed 

changes i n  appe t i t e  were associated with decreased consumption of sodium chlor ide  

and only with a r e l a t i v e l y  increased consumption of water, o r  whether i n  t h i s  

case t h e r e  w a s  a l so  a genuine increase i n  water appet i te .  It i s  knam t h a t  rats 

r equ i r e  40% glucose as an alimentary so lu t ion ,  and 8% as a potable so lu t ion  

(Refs. 1, 8). I n  four  rats before  administration of s t rophanthin a higher  level 

of demand f o r  the 40% glucose so lu t ion  over 8% was noted. Administration of 

s t rophanth in  caused increase  i n  appet i te  for the  8% so lu t ion ,  while cessa t ion  of 

s t rophanth in  res tored  the  o r i g i n a l  choice. Therefore, a genuine increase i n  

water a p p e t i t e  could be indicated.  
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Since the  r a t i o s  of sodium and potassium i n  t h e  cel l  and i n  t h e  extracel- 

l u l a r  f l u i d  are d i r e c t l y  opposite,  it seemed i n t e r e s t i n g  t o  trace the  e f f e c t  

of s t rophanthin on t h e  potassium appet i te .  Seven rats were o f fe red  t h e  choice 

between t h e  40% aqueous and potassium so lu t ions  of glucose. 

t i o n  of strophanthin,  a l l  animals displayed a higher  potassium a p p e t i t e  than f o r  

vateri 

the  aqueous and t h e  potassium glucose so lu t ions ,  bu t  the  potassium appe t i t e  

remained high i n  r e l a t ionsh ip  t o  t o t a l  appe t i t e ,  which a l s o  f e l l .  

Before administra- 

- 

Strophanthin adminis t ra t ion t o  four  rats lowered t h e i r  consumption of 

To give a more de t a i l ed  charac te r iza t ion  of t he  inf luence of s t rophanthin 

on potassium appet i te ,  a supplementary series of experiments w a s  conducted: t en  

rats r eg i s t e red  a higher  background l eve l  of consumption of t h e  8% aqueous 

so lu t ion  of glucose than of t h e  8% potassium so lu t ion .  

t h i n  i n t o  s i x  rats caused a not iceable  increase  i n  consumption of t h e  potassium 

glucose so lu t ion  i n  a l l  of them, while cessa t ion  of t h e  i n j e c t i o n  r e su l t ed  i n  

rap id  r e s t o r a t i o n  of t h e  o r i g i n a l  choice. 

aqueous glucose so lu t ion  i n  l a rge  quan t i t i e s .  

I n j e c t i o n  of strophan- 

The control  animals consumed the  /1213 

T a b l e  I gives the r e s u l t s  of the  experiments. 

A l l  da t a  presented are s t a t i s t i c a l l y  r e l i a b l e .  

Thus, when summing up the  d a t a  on t h e  e f f e c t  of s t rophanthin on the  state 

of spec ia l i zed  appe t i t e s  i n  rats, w e  must note  t h a t  s t rophanthin i n h i b i t s  sodium 

a p p e t i t e  and s t imula tes  potassium and water appet i tes .  

Thus, t h e  r e d i s t r i b u t i o n  of water and ions between t h e  extra-  and in t r ace l -  

l u l a r  f l u i d s  without any e s s e n t i a l  change i n  t h e i r  content i n  the  organism 

during i n h i b i t i o n  of t he  sodium pump i s  capable of causing considerable displace- 

ments i n  the reac t ions  of alimentary choice. I n  s t rophanthin adminis t ra t ion,  
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Working Solut ion 

4OX glucose so lu t ion  

Aqueous so lu t ion  of 
glucose 
40% glucose so lu t ion  

TABLE 5 

P a i r  of 
so lu t ions  
being com- 
pared 

Aqueous 
Sodium 

8% 
40% 

Aqueous 
Pot ass i u m  

Quantity of so lu t ion  drunk (M * m), m l  

0.4 f 0.03 
4.35 z 0.07 
0.35 f 0.05 
1.5 t 1.0 
4.2 f 0.5 
0.6 t 0.1 

2.6 f 0.2 
0 .3  2 0.1. 
1.2 t 0.3 
0.5 f 0.1 
0.3 2 0.08 
3.8 f 0.2 

0.6 2 0.03 
- - _  1 - 3  2 0.4 
0.4 t 0.15 
2.1 f 0.6 
4.0 t 0.4 
0.5 t 0.1 

I I 

they are: (1) increased w a t e r  appe t i t e ,  (2) decreased glucose consumption, (3) 

decreased sodium consumption, and (4) increased potassium consumption. 

Bearing i n  mind t h a t ,  i n  i nh ib i t i on  of the  sodium pump, i t  i s  sodium 

which e n t e r s  t h e  cells, while  potassium i s  t r ans fe r r ed  i n t o  t h e  e x t r a c e l l u l a r  

f l u i d ,  w e  m u s t  conclude t h a t  t he  above-mentioned s h i f t s  i n  salt appe t i t e  provide 

i n t r a c e l l u l a r  homeostatis ,  rather than e x t r a c e l l u l a r .  I f  t h e  appet i te  ch ie f ly  

regula ted  the  e x t r a c e l l u l a r  concentration of potassium and sodium, then an in- 

crease i n  sodium and decrease i n  potassium a p p e t i t e  should be expected. 

a c t u a l i t y ,  the  opposite takes  place.  Together wi th  t h i s  the increase i n  volume 

of i n t r a c e l l u l a r  and the  decreased volume of e x t r a c e l l u l a r  f l u i d  - an i n d i r e c t  

i nd ica t ion  of which i s  t h e  increase  i n  e ry throcyte  count from 7 t o  9-12 mi l l i on  

p e r  cubic mm a f t e r  s t rophanthin is administered - i nd ica t e s  t h a t  a decrease i n  

I n  

the  amount of e x t r a c e l l u l a r  f l u i d  plays an important r o l e  i n  t h e  rise of t h i r s t .  

The d a t a  on the  s u b s t a n t i a l  e f f e c t  of t he  sodium pump on absorption of 

d i f f e r e n t  substances takes us f a r  from the  usual  views on the  regulat ion of 

water and s a l t  appet i tes .  

s o c i a t e d  not  only with the  elevat ion o r  reduct ion of t he  content of various 

Indeed, the change i n  t h e  l a t te r  is apparently as- 
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substances i n  the  organism, but  a l s o  w i t h  t he  func t iona l  state of t h e  mechanisms 

con t ro l l i ng  t h e i r  d i s t r i b u t i o n  between extra- and i n t r a c e l l u l a r  f l u ids .  The 

ac t ion  of the  neura l  and hormonal fac tors  on the  appe t i t e  from t h i s  viewpoint 

a l s o  contains mechanisms determining the t r a n s f e r  of substances through cel lu-  

I * lar membranes. I f  t he  hypothesis is cor rec t ,  then aldosterone s t imula t ing  the  

sodi-m 3 1 .  should i n h i b i t  t he  potassium appe t i t e s ,  and elevate the  sodium ap- 

I p e t i t e .  The same hypothesis admits t ha t  t he re  are changes i n  appe t i t e  which 

do no t  ensure normalization of t h e  b a s i c  blood constants.  Thus, when the  con- 

I cen t r a t ion  of blood sodium f a l l s ,  the  consumption of sodium chlor ide usual ly  

increases ,  bu t ,  as has been shown i n  t h i s  paper, hyponatremia caused by s t ro -  

phanthin i s  accompanied by i n h i b i t i o n  of sodium chlor ide  consumption. It is  

important t h a t  io a l l  cases the  change i n  appe t i t e  favors the  r e s to ra t ion  of 

i n t r a c e l l u l a r  homeostasis. 

The e f f e c t  of strophanthin-K on the  appe t i t e  i s  i n t e r e s t i n g  i n  s t i l l  /1214 

I 

another respect:  under ordinary conditions - f o r  example, when salts  are 

I a r t i f i c i a l l y  administered t o  the  organism - t he  b a s i c  constants  of the  extra- 

l and i n t r a c e l l u l a r  f l u i d  change i n  a s ingle  d i r ec t ion  (concentration of sodium 

o r  of potassium). The adminis t ra t ion of s t rophanthin successfu l ly  produces 

I s h i f t s  i n  d i f f e r e n t  d i r ec t ions  i n  the  extra-  and i n t r a c e l l u l a r  f l u i d ,  and there- 

f o r e  it i s  poss ib le  t o  eva lua te  the  relative r o l e  of each of them i n  regula t ing  

t h e  choice of salt.  

L 

- I. P. Pavlov 
I n s t i t u t e  of Physiology - U.S.S.R. Academy of Sciences 

Received January 11, 1965 
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